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ABSTRACT

The objective of this work is the study and experimental verification leading to
the design of a high power 8 band variable polarizer. This polarizer is to transform
the TE 0 mode to vertical linear, clockwise circular, counterclockwise circular, and
horizodta.l linear polarizations. Switching time between degrees of polarization is to
be 200 microseconds or less. The characteristics of the variable polarizer include the
objectives of 1 mw peak, 2 kw average power operating over the band, 3.1 MHz to 3.6
MHz with the study including the feasibility to increase power handling to 10 mw peak,
20 kw average.

Recent results indicate the feasibility of attaining the design goals by the use of
nonreciprocal waveguide latching phasers as the active elements of the polarizer.
Polarizer power levels to 920 kw peak and 3600 watts average (depending upon polarizer
configuration) have been attained, the present limit being the testing facilities available.

Studies have included various polarizer configurations which appear compatible
with system concepts and the development in individual phaser elements necessary to
meet polarizer requirements.
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SECTION I
INTRODUCTION

Program Objectives. The purpose of this program is to study the feasibility of
producing a very high power, S band polarizer capable of fast switching to any one of
several modes of operation. The work on this program can be divided into two general
tasks*:

¢ The study of the polarizer elements in their relationship to the overall
unit in its system environment.

* The study and development of specific components as applied to the over-
all polarizer.

The end result of these tasks will be the development of techniques and the accumulation
of test data which will lead to a recommended polarizer design capable of operation at
extreme peak and average power.

The development phase of the program includes a design study and experimental
evaluation of breadboard hardware operating to an intermediate power level. Perform-
ance goals for this phase of the program are as follows:

1. Power 1 Mw peak, 2 kw average
(10 Mw peak, 20 kw average - final goal)

2. Bandwidth 500 MHz min
3. Center frequency 3.35 GHz

4, VSWR 1.2 maxk

5. Insertion loss 1 db max

6. Switching time 200 usec max
7. Pulse width 40 usec min
8. Repetition rate 10 pps

9. Isolation between
polarization channels 30 db min

* Each of these tasks is considered in this First Semiannual Report in light of present
and predicted technology.
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13.

14,

15.

10.

11,

12.

Phase nonlinearity
at each polarization

Phase nonlinearity
excluding that due
to waveguide

Amplitude responee
Differential phase
and amplitude between

polarization channels

Drift

Environmental

Operating
Nonoperating

Not greater than +2, 5° combined periodic peak
and random rms

5° max, frequency 3. 15 to 3. 55 GHz
15 max, frequency 3.10 to 3. 60 GHz

0.5 db combined periodic peak and random
rms, max

Phase 0. 5° max
Amplitude 0. 2 db max

Phase 1° per hour max
Amplitude 0. 2 db per hour max

-2220 to +4szc
-40°C to +49°C
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SECTION II

POLARIZER CONSIDERATIONS IN RELATION TO SYSTEM ENVIRONMENT

2.1 BASIC POLARIZER

The polarizer deacribed hzrein is a viaveguide device which converts an incoming
signal from the power scurce in the fundamental TE_ . mode to two orthogonal compo-
nents with definite bu¢ variable time phase relationsﬁ?ps in a single output structure.
Similarly, any return signals entering the output port will be suitably converted into
one or more receive signa's for further receiver processing.

Depending upon the type of phasing elements employed and the complexity of the
polarizer system, this return signal will appear at the input or transmit port or one or
raore specifically designated receive ports. If one or more separate receive ports are
employed, the polarizer will function as a duplexer in that isolation of the transmitter
from the receiver is attained. This isolation can exceed 20 db. .

A simplified polarizer configuration is shown in Figure 1.

WODE
TRANSDUCER

aé A

4 \

INPUT 0,
TRANSHITTER @ WiNT

4¢

4098B

Figure 1. Simplified Polarizer Configuration

A single incoming signal is divided into two equal parts by means of a "Magic-T"
or "short slot hybrid.'" The two outputs have a specific relative phase. These two
signals pass through suitable phasers which alter the relative phase difference beiween
the signals to predetermined values. These two signals are then fed to a suitable
multimode transducer. The resultant output is a signal that can be described as being
polarizedelliptically to any degree from circular to linear and the axis of the elipse is
variable from a reference plane of the multimode transducer.




The mode transducer shown in Figuie 1, although similar to those used in many
existing polarizer urits, is employed in a restricted manner in that under all modes of
operation including linear polarization, two signals (ideally of equal magnitude) enter
the device. This restriction can be seen from the relative field description of Figure 2,
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Figure 2. Relative Field Patterns

If a signal is fed into port 2 of Figure 2A, then it can be designated as the solid
arrow at the output. Similarly, » signal in port 1 can be designated by the dashed
arrow at the output. A signal at e¢ither input will produce a linearly polarized cutput
(the angle of the polarization varics). However, as in Figure 2B, if two signals are
inserted into the structure at porti; 1 and 2 with relative time phase so as to produce
two orthogonal outputs with equal time phase, the resultant output can be described also
as a linear wave which is offset from those of Figure 2A by 450 in gpace. This offset
can be corrected if necessary by proper rotation of the feed structure.

The mode of operation of Figure 2B is imposed on all polarizer configurations
described herein because it allows a balanced operation of the phaser elements with
respect to operating power and, therefore, also with respect to the resultant operating
temperature. This balanced condition should reduce the problem generated by the tem-
perature time constants inherent in the phaser materials.

2.2 SPECIFIC POLARIZER CONFIGURATIONS

It is necessary to impose restrictions on the elements of the polarizer at this point,
especially the phaser elements, so that further analysis of possible polarizer configura-
tions can be accomplished.




For purposes of analycis, each phaser element used will be:

1. Nonreciprocal,
2. Capable of 90 degrees phase delay,
3. Of the latching (remanent) variety.

These restrictions are essentially in agreement with what appears feasible for present
and near future phaser development in accordance with the specifications of this pro-

gram.

2.2.1 Single Receiver Port Polarizer

The simple polarizer configuration of Figure 1 can be expanded into the configura-
tion of Figure 3.

P 8,

®
INPUT >—\ ouTPUT

RECEIVER

% .
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Figure 3. Single Receiver Port Polarizer

Four phaser elements are used in this device. Each element can be switched
independently from the remainder. The input power splitter is of the "Magic-T" variety
giving zero phase difference between arms 1 and 2. For simplicity let us consider a
siryle setting for ¢1, ¢2, ¢3, and ¢4 that is:

¢ =
¢; =-90 Forward Direction
¢, = (input to output)

The signals appearing at the ports of the mode transducer will have a 90 degree
phase difference producing a circular polarization (assuming equal amplitudes).




Receive signals returning through the mode transducer will have the same phase
relationship as on transmit. Because the phase elements are nonreciprocal, however,
return element phase will be (if elements are not switched):

¢, = -90 :
¢y = 0
b = -90
B0 ;

The return signal will then recombine into a single signal which travels to the
input port. Under such conditions no duplexing isolation is attained in the polarizer and
a separate duplexer for separation of the receive signals is required. If, however, 4, - —.- -
and ¢, are reversed to produce ¢3 = ¢, = 0 for the return signals, then the receive signal
will progress toward the receive poré as designated in Figure 3. Switching between
receive and transmit is fully compatible for the polarizer specification and will be con-
sidered in all configurations covered in this report.

2.2.2 Calculations on Design of Single Receiver Port Polarizer

Insertion loss and differential insertion phase for the polarizer of Section 2. 2.1
were calculated based upon realistic estimates of likely deviations from nominal of the
various components of the polarizer. All calculations were based upon the deviation ob-
tained when the polarizer is in the receive condition for circular polarization.

~— LiLp A/-90+¢ + ¢, w— L, A/-90+ ¢,

\
\ //
‘\ / A /-%0
4‘¢2¢2I"%
8 (T é,+b,+6 \
s el JeuL,Atoo+d+b,+
XMTR b Ip& / e SIGNAL
TRANSMITTER REC < IN= 2A

(8,; I-CLII_-E L3L4A'/o+¢,+ $,+6,

~—Pals =¢3ls
/ \\\ a'llo
/

/ \ :
~—LLsly AfO+ds d4 - Ly A/0+4s
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Figure 4. Signal Relationships in Single Receiver Port Polarizer




Understanding the terms of the expressions used in Figure 4 will be helpful.

A and A' are the two orthogonal lignalluderivodinthomultimodetrmdueor ,
from a aigna.l of power level 2A. The angles indicated in Figure 4 are -90 and 0 degrees;
these are values for the ideal transducer which will be altered in one set of calculations
to indicate a non-ideal transducer.

The L terms of Figure 4 are the differential voltage losses associated with the
phaser elements. This loss is not the insertion loss of the various elements but is in-
cluded to indicate a change in loss through the phasers depending upon their phase posi-
tion.

The ¢ terms are the values of differential phase shift encountered through the
various phaser elements on the particular mode Jf operation under study.

The @ terms include the phase shift through the input "Magic-T'" and in the
calculations, include any variations with frequency.

C is the power coupling coefficient of the "Magic-T".

It can be seen from Figure 4 that the resultant receiver port signal is the resultant
of two signals. That is:

8, =J/cL LAt90+ﬁ+¢2+01
o =V1-CL,L A f0+¢, 3+ 9,16,

The magnitude of the resultant signal is given by
2 2
|s| =\,§1 +X,” +2X X, (cos 8, -8,)
X, =CL L,A -

X,=/1-CL, L, A

where

6,=-90+4 +¢,+6)

8,=0+4,+9,+6,

The angle of the resultant signal is

i ta.n-l [Xl sin 61 + X2 sin 62]

X1 cos 61 + X2 cos 62

2
The ratio of I-S-I— is the loss associated with the polarizer as a result of variations
in the L, C, @, 6 terms. This does not include the insertion loss of the various components.




3ietheun¢leoftbooutput signal as referenced to the angle of the two signals A
and A'. # does not include the insertion phase of the unit which must be determined by
line lengths, etc. but which is fixed and is a function of the waveguide parameters only.

Table I is a summary of cases studied under the conditions of Figure 4. Each case
was studied at five points across the operating band with the various parameters varying
in a manner as typically expecied with frequency. Cases 1 through 5 assume no devia-
tion from ideal for the multimode transducer whereas cases 6 and 7 include variations
in amplitude and phase respectively. The addition of errors in mode transducer
characteristics, however, yields results similar to further perturbations of cases 1
through 5.

Figures 5 through 11 depict the results of Table I in graphic form with each curve
representing one of the cases of Table I.

Table I. Characteristics of Single Receiver Port Polarizer for 7 Cases

CASE 1 CASE 2

f -20f -A f +A f +2A f -2A f -A f +A £ +2A

(o] (o) (o] (o] o] (o] o] [o] (o] (o]
6, | 170 178 180 182 190 170 177 180 183 190
L, [.9772 .9772 .9772 .9772 9772 L9772 .9772 .9772 .9772 .97172

_4786 .4786 .5012 .5248 .5248 .4786  .4786 .5012 .5248 .5248
¢, [-85 -87.5 -90 -92.5 -95 -85 -87.5 -90 -92.5 -95
|s|?
oA |- 9231 .9382 .9828 .9744 9593 .9231 .9375 .9828 .9737 .9593
6 |-13.3' +1.0° 0 -1.65' +14.3' -13.3' -2.0' 0 +1.3 +14.3

CASE 3 CASE 4

f -2Af -A f +A f +2A f -2A f -A f f +A f +2A

(o] (o] (o] (o] (o] (o] 0 0 (o] (o]
6, | 170 178 180 182 190 170 178 180 182 190
L, |.9772 .9772 .9772 .9772 .9772 L9772 L9772 .9772 .9772 . 9772
c |.4876 .4876 .5012 .5248 .5248 .4876 .4876 .5012 .5248 .5248
¢, [-86 -88.25 -%0 -92.75 -95 -86 -88 -90  -92 -94
Isl? | . 9252 .9387 .9828 .o742 9593 .9252 .9387 .9828 .9747 .9614
2A
6 |-16.3" -1.6' +1.0° -2.3 +14.3' | -16.3' -0.5' 0 -0.15' +17.3'

8




Table I. Characteristics of Single Receiver Port Folarizer for 7 Cases

(Continued)
CASE § CASE 6* :
. f-2A f -A f f +A f +2A f -2A £ -A £ +A f +2A
o o o o o o o o o o
'l 6, 170 178 180 182 190 170 178 180 182 190
[
L, L9722 .9722 .9722 .9722 .9722 L9722  .9722 .9722 .9722 .9722
C |.5248 .5248 .5012 .4786 .4786 L4786 .4786 .5012 .5248 5248
¢, |-86 -88 -9¢ -92 -94 -85 -87.5 -90 -92.5 -95
lﬁlf L9614 .9747 .9828 .9387 .9252 .9380 .9365 .9548 .9523 9376
2A
6 |-17.3 +0.15' 0 +0.5' +16.3' -13.1' -1.2° 0 -2.0' +13.6'
CASE 7** )
f -2A f -A f f +A f +2A
(o] (o] (o) (o] (o]
1 6, | 168 176 178 180 188
¢ NOTES: L. =L =L, =1
{ L2 L9722 . 9722 . 9722 L9722 . 9722 ¢1 3 4
= = =0
. C .4786 .4786 .5012 .5248 .5248 1 ¢3 ¢4
¢, | -85 -87.5  -90 -92.5 -95 6,=0
I |2 A =A=1
6 23" 5.5 6' 7.6' 8.3

* A=1, A" =,9772 (0.2 db)
** Angle of A out of Multimode Transducer = -88 degrees
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Interpretation of Data. It can be seen from the data of Table I and the correspond-
ing {llustrations that the input-to-output phase deviation is quite small for all cases
chosen. This has been accomplished by partially matching the deviations in phase of the
input coupler with those of the phase shifter.

It should be noted that all amplitude terms also follow a similar pattern with fre-
quency except case 5 where the variation with frequency of the input coupler was re-
versed.

It should also be noted that the input coupler characteristics have been chosen to
be X + 10° and 3 £ 0.5 db over the operating band. These characteristics are greater
than those actually anticipated but were chosen to determine trends in the polarizer per-
formance.

Maximum deviation in amplitude occurred for case 7 which assumes a 2 degree
error in the multimode coupler; an error which can, in practice, be corrected by
proper adjustment of the insertion phase of the phase shift elements. This deviation
was approximately 0.3 db over the operating band. If, however, the slope of the
coupler is opposite that of the phase shift element, errors can become quite large.

Using the simplified sketch below, one may qualitatively study the system.

RESULTANT

& |NPUT PHASE

40968

The vectors A and A’ represent the two signals out of the receive port which pro-
duce the resultant receive signal. As long as A and A' are balanced about the input phase
in complementary quadrants, the resultant phase error will be quite small.

If the resultant angles of these signals are large, however, there will be a notice -
able reduction in amplitude. Likewise, a large difference in amplitude of the two sig-
nals, although of equal angle (4, = §,) will result in a phase error. In order to assure
optimum performance, it is necessary to reduce changes in the angles §. and §, to a
minimum or to compensate for these deviations by appropriate deviations in amplitude.

In practice, any deviations from nominal in the coupler at center frequency will be

eliminated by properly compensating the insertion phase of the phase shift elements. It
is possible to partially compensate for loss unbalance by adjusting the differential phase

13




to other than 90 degrees at center frequency. Because of the complexity of the calcula-
tions, it appears to be more feasible to study these various methods of compensation on
the experiments] hardware to be completed at a later date as part of this program.
Further studies, however, will be made for the more practical cases where the phase
slope of the phase shift elements is essentially zero and the slope of the coupler i{s con-
fined to a smaller deviation.

2,2,3 System Considerations

The single receiver port polarizer configuration of S8ection 2. 2.1 possesses one
large system difficulty. If a polarization other than that intended is received (which will
normally occur from practical targets) because of the single receive port of this polar-
izer, it cannot be separated from the principal target return and will appear as an error
in the system. In addition, if it is desirable to observe principally one of these minor
return polarizations using a single receiver output system (which is attained by propexr
switching of the phaser elements), these weak return signals (as compared to the prin-
cipal/transmit polarization return signal) will be completely masked out. It is therefore
possible to receive only the principal or transmitted polarization on receive.

Such a configuration greatly limits the usefulness of 2 tracking system where data
from the minor return polarizations will indicate parameters such as shape, roll, and
tumble of a target.

2.2.4 Dual-Channel Receiver System

The dual-channel receiver polarizer system is similar to the ningle-channel re-
ceiver system except by providing two receiver outputs, phase and amplitude informa-
tion of two orthogonal receive components is retained from antenna to receiver. Thus,
if a suitable phase and amplitude IF systcm is employed in conjunction with a suitable
reference signal, electronic circuitry cana separate the various polarizations present
in a return signal for any transmit polariz. tion.

The polarizer configuration is given in Figure 12. Again, the phaser elements ¢
through ¢8 are 90 degree nonreciprocal elements and are switched between transmit a.rh
receive.

The polarizations attainable are given in Table II along with the positions of the
phase shifters (viewed in transmit direction) for each mode. It should be noted that
several phaser combinations will produce the same polarization; there appears no
advantage to any particular choice.

14




Table II. Phase Shift of Each Element for Various Polarizations

TRANSMIT CONDITION
PHASER POSITION
Polarization ¢ b @3 @ ¢ P S &g
— o o o o o0 o0 o0 0
-— } {-90 -90 -90 -90 -90 -90 -90 -90
f -90 -90 -90 -%0 0 0 0 0
l } { 0 0 0 -%0 -90 -90 -90

0

0 -90 0 -90 0 0 0 0

m -90 0 -90 0 0 0 0

( -90 -90 -90 -90 -90 0 -90 O

-90 -90 -90 -90 O -90 0 -9
0 0 0 0 -9 0 -90 0

m 0 0 0 0 0 -90 0 -90
0 -90 0 -90 -90 -90 -90 -90

-90 0 -90 0 -9 -9 -9 -90

RECEIVE CONDITION

-80 -90 0 0 0 0 -90 -90
0 0 -80 -9 0 0 -90 -90

-90 -90 0 0 -8 -90 0 0
0 0 -80 -9% -90 -90 0 0

Al'lj"
Polarization

It is interesting to note that only one receive condition i8 required for all transmit
polarizations.

This polarizer system likewise functions as a duplexer and will probably be capa-
ble of 20 db isolation between transmitter and receiver.

If, however, phase matched duplexers are employed, they can be located at points
A and B of Figure 12, The use of a receive mode of operation and any errors through
the polarizer (or receive) are thus eliminated.

Again, when this configuration is used as a duplexer/polarizer or whea used with
separate duplexers, it has the advantage over more conventional designs as all phaser
and duplexer elements (if used) are subjected to equal powers and thus the system
experiences a power/tempera u:- differential minimum.

15




——5 RECEIVER
X *l ‘I
3 ®
NTNT
T > : :
X ‘5 ‘l
#7 T

—— RECEIVER
Figure 12, Dual-Channel Receiver Polarizer

4097B

2.2.5 Calculations on the Design of Dual-Channel Receiver Polarizer

A study of the output signals relative to the input reference signal and relative to
each other has been carried out. Figure 13 indicates the relative power level and
phase angle as the energy flows through the polarizer. As before, the terms C, D, ¢,
and § are summations of signals appearing at the outputs from multiple signal paths.
The learizer is switched to the receive case as outlined in Table II. Table III is a sum: -
mary of seven cases involving variations in C,6, and ¢, these being variable also with
frequency. Cases 1 through 5 of Table III consider the mode transducer as an ideal
element. Case € argsumes an unbalance in power output and case 7 assumes an improper
phase output from the multimode transducer.

Again, the insertion loss described by the L terms implies differential loss only,
and the insertion phase of the polarizer has been neglected.

Because of its two outputs, this dual receiver polarizer will involve not only phase
and amplitude relationships to the input but also the relationships between the two outputs
assuming some specific input relationship. Figures 14 through 27 describe in graphic
form these relationships given in Table III,
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Table III. Characteristics of Dual-Channel Receiver Polarizer for 7 Cases

-24 -A f, +4 +24 -24 -4 £ +4 424
CASE 1 CASE 2
85 89 90 91 95 85 88.5 90 91.5 95
01= 92
¢1=¢2=
P 0 0 0 0 0 0 0 0 0 0
5 %
$-¢-
-85  -87.5 -90 -92.5 -95 -85 -87.5 -90 -92.5 -95
¢=4
K =K,= 3.2db 3.2db 3.0db 2.8db 2.8db
K, .4786 .4786 .5012 .5248 .5248 | .4786 .4786 .5012 .5248 5248
L3=L4=
e 9772 .9772 .9772 .9772 .9772 | .9772 .9772 .9772 .9772 .SIT2
5 6
L.=L_=
Ll_Lz 1 1 1 1 1 1 1 1 1 1
78
C 9244 9498 .9524 9538 .9286 | .9244 .9485 .9524 .9527 . 9286
D 9282 .9534 .9544 .9495 .9243 | .9282 .9523 .9544 9484 9243
C-D -.0038 -.0038 -.0020 +.0043 +.0043 |-.0038 -.0038 -.0020 +.0043 +.0043
180°  181° . 181° 120 | 180° 181° o 180°  180°
6x 12.5' 34.4' 180 14.5' 46" 12.5' 4.6' 180 42.5' 46
180°  181° . 181° 180° | 180° 181° o 180°  180°
by 40 43.7" 180 24.3' 16' 40' 15.8' 180 53.7' 16’
6, ~ 6y 275 -9.37 0 T9.8' +30° | —27.5' -1L.2" 0 T11.27 +30°
-24 -4 fo +A +24 -24 -A fo +4 +2A
CASE 3 CASE 4
6= 9=
85 89 90 91 95 85 89 90 91 95
6.=6
1 %
¢1= ¢2=
e 0 0 0 0 0 0 0 0 0 0
5~ %
¢= &=
-86  -88.25 -90.5 -92.75 -95 -86  -88 -90 -92  -94
b=-9
7 %
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Table III. Characteristics of Dual-Channel Receiver Polarizer for 7 Cases (Conﬂnnd)

-24 -4 fo +4 +24 -4 fo +4  +24
CASE 3 CASE 4
_(Continued) (Continued)

. 4786 .4786 .5012 ,5248 5248

.4876 .5012 ,5248 .5248

L9772 ,9772 .9772 .9772 .9772

L9772 9772 . 9772 .9772

1 1 1 1 1

1 1 1 1

.9298 ,9510 .9523 .9533 .9286
.9336 ,9548 ,9543 ,9490 9243
-.0038 -,0038 -,0020 +.0043 +.0043

.9505 .9524 . 7547 9340
.9548 ., 9544 9504 9297
.0038 -.0038 -.0020 +. 0043 +. 0043

0 (] (o] (o] (Y]

180 180 180 181 180
49.3' 48.2' 29 28.9' 46’

180° 180° 180 181° 180~

181° 180° 181°
3.5° 180°  47'  39.5'
181° 180° 181

11.9° 180° 55.1' 14.3° °

24,1 56' 30.7° 39 16’
+25,2' -7.8' -0.7' -10.1' +30' -8.4" 0 -8.1' +25.2°
-24 -4 fo +4 +24 -A fo +4 +24
CASE 5 CASE 6*
%= 4
85 89 80 91 95 89 90 91 95
0= 6
1 72
A= %"
b-6 0 0 0 0 0 0 0 0 0
5 '6
%=
-86 -88 -90 -92 -94 -87.5 -90 -92.5 -95
¢7 ¢8

~ Hu

2.8db 2.8db 3.0db 3.2db 3.2db

.5248 5243 .5012 4786 .478¢

.4786 .5012 ,5246 .5248

Sk
=

=

L9772 ,9772 . 9772 .9772 .9772

L9772 9772 . 9772 . 9772

U
[ 2

|
[y
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Table Ill. Characteristics of Dual-Channel Receiver Polarizer for 7 Cases (Continued)

24 -4 +A +24 | -24 -4 f +A +24 ' :
CASE & CASE 6*
Conti Conti
{ nued) ( nuedz .
c .9340 .9547 .9524 .9505 .9208 | .8820 .9090 .9100 .9110 .8865
D .9297 .9504 .9544 .9543 .9336 | .9485 .9743 .9544 .9495 9243
C-D +.0043 -, 0043 ~-. 0020 -.0038 -.0038 |-.0665 -.0653 -.0444 -.0386 -.0378
18.°  180° . 181° 180° | 180° 181° ) 181°  180°
Ox 39.5' 47' 180 3.5' 49 12.5' 34.4' 180 14.0° 46
o, 181° 180" o 181° 1800 | 180° 181° . 181°  180°
14.4' 55.2° -180° 11.9° -24.1' | 40' 43.7° 180 24.5' 16
6 - 6, +25.1' -8.2' 0 -8.4 +25.2'| -27.5' -9.3 0 -9.8' +30°
-24 -4 fo +4 +24
QQSE 1##
0 = o:
93= 04 85 89 90 91 95
1~ %
¢=0-= ¥
¢1= ¢2 0 0 0 0 0
5 6
¢,= &=
-85 -87.5 -90 -92.5 -95
=¢8
K KK
K, .4786  .4786 .5012 .5248 5248
L3=L4=
- L9772 L9712 .9772 .9T72 .9772
6
L-=L =
L1=L2 1 1 1 1 1
7 -8
C .9244 9498 .9524 .9538 9286
D .9282  .9534 .9544 .9495 9243
C-D = = = + +
180 181 181° 180
0‘ lz-ﬁ. ' o ' ' .
o 182 Jsaa 180° woB 1820
40' 8 25 a33g 1e
e 4
27.5' 9.4 -25' +40.8' 36' >

*A = 9772 (0.2db); B=1
44 = Operating Bandwidth

*+ § = 2 degrees (Error out of multimode
transducer from B output)
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2.2,5.1 w Because of the "al receiver output of this
polarizer it is necessary to compare two outputs each of wt in turn, is the resultant
of two signals. :

Absolute variations of magnitude of each channel variea ese than 0.2 db over the
operating band with relative deviations between channels less than 0. 02 db, &

Phase angles of each channel relative to the input were less than 1.5 degrees and
differential phase between outputs was less than 0.5 degrees. The exception to this was
the differential amplitude (C - D) of case 6 where a large amplitude error representing
an unbalance in the multimode transducer was introduced into the equations.

An interesting result was the fact that an error of phase of the multimode trans-
ducer caused only a small error in the differential phase between receive channels and
no change in the absolute o: relative amplitudes.

Further studies of this system, because of its complexity, will be reserved to a
later date when the experimental results of the breadboard design to be tested under this
program can be used to advantage for a more accurate evaluation.

2.3 CONTROL AND DRIVE REQUIREMENTS

The polarizers described in Sections 2. 2.1 and 2. 2. 4 both require special drive
or command signals. Although the detail discussion of the driver will be reserved for
Section Tl, a general survey of system needs must be considered at this point.

The polarizer of Section 2. 2. 4 (dual receiver design) requires 5 commands irom
some primary system command source. These 5 commands must then be converted to
8 signals to each of the phaser elements.

Because of the latching nature of the phaser element, these secondary commands
to the various phasers will take the form of a short duration polarized pulse. The
polarity of this pulse will determine the state of each phaser element.

It must also be noted that due to the inability to reproduce garnet materials with
precise values of 4TM_ (thus precise phase shift), it is necessary to incorporate appro-
priate trimming into the phaser driver for fine adjustment of phase. When a garnet
material is not driven into saturation by such trimming, it has been found that repeated
application of drive in the same polarity to a phaser will introduce phase error.

Therefore, the network which converts the 5 primary command signals must not
only produce the appropriate command signals to the 8 phaser elements but must also
determine if a phaser element is already in its desired state, at which point no further
command should be supplied.
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This distribution circnit is at pres-at under study and precise detsils must be
reserved for the final report on this program ‘wsherein details as to the precise nature
and recommended location cf this network will be clarified. However, information
now available is given in Section III of this report. R

2.3.1 Configuration

At this time the size of the phaser elements and their driver circuitry has not
been fixed. However, some system information can now be supplied.

It is understood that the polarizer will be attached to the movable element of an

antenna and wiil be, at a minimum, partially exposed to its surrounding outdoor en-
vironment.

It will probably be necessary, therefore, to protect the polarizer not only from
direct outdoor environment (primarily rain) but also to provide some form of tempera-
ture stabilization to assure proper polarizer operation. Since these factors at this ti
are only speculative, the sketch of Figure 28 is only for the purpose of approximate
estimates. It should be noted, however, that the layout of Figure 28 can be folded and
shifted relative to the multimode transducer without greatly affecting polarizer per-
formance.
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- Preliminary Layout

Figure 28. Dual Receiver Output Polarizer
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SECTION II
COMPONENTS
3.1 GENERAL

This section has been reserved for discussion of the various components required
to construct the polarizer. These components are quite often unrelated but must be
considered in relation to the overall polarizer requirement of Section 2.

3.2 PHASER ELEMENTS

The phaser elements as employed in the polarizer of Section 2 are 90 degree non-
reciprocal elements. It can be seen that a smaller quantity of 180 degree elements
could be employed for this purpose. However, because of construction and ease of
assembly and test, the 90 degree element has been chosen as the basic buillding block.

During the very recent past, great strides have been made in the notreciprocal
latching toroid type of phaser. Because of these recent developments, iae large part
of the emphasis of this program has been channeled in this direction although all
promising leads towards other designs have and will be pursued to determine feasibility
for this polarizer application.

3.2.1 Historical Background

It would be proper at this point to review the progress attained over the last two
years in phaser design.

Although much thLeoretical and experimental work was performed before this date,
phasers during early 1966 could be described as '"Model T's" of the industry. Power
handling was confined to relatively low powers and losses for moderate power handling
units were in excess of 1.3 db.

A typical example of what could be called "an excellent unit" in the summer of 1965
is given by this X band specification:

Peak Power 20 kw

Average Power 76 watts (maximum bit dropoff
5 degrees with power)

VSWR 1,85

Loss 1.3 - 1.4 db (4 bits)

By mid 1966, this specification had been revised due to further development:

Peak Power 20 kw
Average Power 200 watts (maximum bit dropoff

5 degrees with power)
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VSWR 1.25
Loss 1,0 db (4 bits)

This characteristic must be further revised by early 1867 ¢o read:

Peak Power 50 kw +
Average Power 400 watts (essentially flat with power)

VSWR 1.2
Loss 0. 80 db (4 bits)

If one considers present technology, it appears feasible that the next generation
X band phaser will be capable of:

Peak Power 125 kw
Average Power 600 watts (essentially flat with power)

VSWR 1.2
Loss 0.80 db (4 bits)

It can be seen that the loss and VSWR have been significantly reduced while peak
and average power have been significantly increased at X band.

Similar changes in the state of the art have been accomplished at C and S bands.

One significant improvement in phaser design has resulted from the work of Dr.
J. L. Allen at Georgia Tech and Sperry Microwave in accurately predicting phaser
characteristics from theoretical studies. This has lead to the "optimum" design
phaser for typical operation.

3.2.2 Phaser Design

The design of a phasar for high average and peak power must include:

1. Maximum peak and average power
2. Total phaser length available

3. Operating temperature

4. Methods of cooling

The first design consideration is the average and peak power requirements.

The use of boron nitride on beryllium oxide in the phaser design has become
paramount in recent design in reducing internal temperatures of the toroids.

Total power loss in a phaser is approximately the same in the three major radar
bands — i.e., 1dbin 8, C or X bands. Since the phaser size is proportional to wave-
length, the dissipation per unit length will be proportional to frequency.

Referring to Figure 29, the use of boron nitride slabs on the sides of the toroids
has resulted in a maximum average power dissipation of 5 watts/inch of material for
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a practical phaser. The use of boron nitride "T" structures has increased this value to
approximately 10 watts/inch, with present studies indicating that for extremely '
accurate toroid-boron nitride fits and the use of improved thermal transfer media

between these various materials, this dissipation can be increased to 156 watts/inch.

These values, taken as allowable dissipation per unit length, appear to be
independent of the frequency band, assuming similar cross-section of the phaser.
These values are also affected somewhat by the temperature of the phaser housing
(room temperature for the above values).

The phaser required for the polarizer described herein will now be designed
using the above numbers.

Rather than stop at the intermediate specification, let us assume that the

polarizer must handle 20 kw average power (full specification). If the polarizer design

of Section 2.2.4 is employed, the power to any individual phaser is reduced to 5 kw
average, 2.5 Mw peak.

The anticipated dissipation in the toroids of the phaser elements is assumed to
be spproximately 0.3 db per 90 degree element.

Therefore, the power dissipation, Pd = 0,065 (5 x 103) = 325 watts.

If 15 watts/inch dissipation is allowable, then the length must be §22_5.5 =21.6

inches minimum.

For convenience in calculations, we will assume a toroid length of 20 inches.

'BORON NITRIDE OR
BERILLIUM OXIDE

WAVEGUIDE _/— ToRoID COOLING SLABS
| }—coRE CORE
TOROID
WAVEGUIDE
A 8
TOROID
» [ BORON NITRIDE OR

BERILLIUM OXIDE

f

N\

“T" COOLING STRUCTURES

CORE
% THE BORON NITRIDE IN “T"
WAVEGUIDE FORM WAS SUGGESTED BY

4078B E.STERN OF LINCOLN LABS.

Figurc 29. Phaser Cross-Sections
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In order to attain 90 degrees phase shift with controlled insertion phase, it
appears necessary to choose an intrimmed bit length of 110 degrees minimum.
Therefore:

110 ees
= 5, 5 degrees/inch
20 inches /

A material with appropriate 471M8 to avoid peak power limiting should now be
chosen. Referring to Figure 30, it can be seen that a material with 15% gadolinum
doping will reach an extremely high limiting threshold with a value of §47Mg less than
0.280. f,

The material chosen for present study, Sperry G-518 (YIG = 15% Gd + Al) has a
nominal value of 47Mg = 275 gauss.

At the lowest operating frequency of 3.1 GHz,
é4nM 2. 8(275)

= = 0. 248.

8 f, 3100

This value is significantly below the critical M value of 0.280; therefore, limiting
should not be a critical parameter.

The conventional phase shifter (using the optimum design of J. L. Allen),
however, would yield 380 degrees phase shift for a 20 inch active length and a loss
appropriately higher.

To attain the low phase shift/inch necessary for reduced loss/inch compatible
with the requirements of this polarizer design, it is necessary to reduce the material-
rf field coupling. This can be accomplished by:

1. Removing the toroid core (see Figure 29)
2. Reducing the toroid wall thickness
3. A combination of both of the above

If all known factors such as dielectric loss, copper loss, magnetic loss, phase
slope with frequency and waveguide cutoff frequency are taken into account, the best
design approach appears to be an increase in toroid slot width, the use of a dielectric
core, and the use of thin walled toroids. Figure 31 compares this cross-section
with the optimum figure of merit design of J. L. Allen.

Results of tests using a design similar to that above are given in Figures 32
through 35. The sample tested was 6 inchas long and obviously has a phase shift much
lower than desired. (See Figure 34.) This will be remedied by increasing the toroid
wall thickness in future tests. The phase shift is flat with frequency over the operating
band as seen from Figure 34.

Average power data (see Figure 35) indicates that no significent change in phase

shift with average power is evident to 800 watts, the limit of the test facility
available,
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A curve for limiting threshold is notably absent. This material showed no
limiting tendencies to 320 kw peak, the upper level of the facilities available.

3.2.3 Phaser Construction

Because of the thermal requirements of the phaser, it has become evident that
cooling must be provided as close to the source of heat generation as possible.

Because of the need for switching wire through the toroids and through one boron
nitride cooling section, it bas been found feasible to construct the phaser out of four
separate sections; that is,two side plates, one top and one bottom plate (se. Figure 36).
The top and bottom plates screw into the side plates, a separate waveguide flange
being employed if the conventional round flange hole pattern is employed. Cooling
channels for water are provided in each of the side sections.

38




TOP AND BOTTON

ToP ,.,./{—_ COOLING CHANMELS

N
=| O &4
/V O O dll&llﬁ WiRe
SIDE -~ g k -
PLATE BORON NITRIDE
== ADJUST SIDE PLATES TO FIT e

4092B

Figure 36. Phaser Cross-Section

Close fit in the plane parallel to the broad wall is attained by adjustment of the
side waveguide sections. Fit on the height is attained by proper honing of the side
sections to a precision fit with the toroids.

To assure proper fit, all toroids for a single phaser will be precision ground as
a set.

It should be noted that at present a single core is used with all toroids placed on
this single core. (See Figure 37A,) This stems from the need for cavitroning the
toroid slots because of their large size. Toroids therefore can be no longer than
0.5 inches. When longer toroids are used, it will be feasible to use individual core
sections of the same lengths as the toroids. (See Figure 37B.)

Further toroid manufacturing techniques will be discussed in a later gection.

Because of the overall system need for pressurization, all waveguide seams
will be adequately sealed. Techniques for attaining this sealing are now under study
and include gasketing and the use of epoxies.

To assure overall environmental protection the external surfaces of the unit will
be appropriately treated or protected by an environmental shield.

2.2.4 Environmental Stability

To assure proper operation over the operating environmental temperature range -
of -220C to +49°C, the waveguide housing temperature must be isolated from this

environment.
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Figure 37. Toroid Core Assembly

It has been found that this can be adequately assured by supplying & coolant
closely controlled in temperature. This coolant for lab use is tap water at room
temperature. Present studies indicate the need for coolant temperature control of
+6°C to assure adequate phaser performance.

For operational use this water coolant will probably require modification by the '
addition of an antifreeze agent to prevent system damage when the system is "off",

3.2.5 Toroid Manufacture

It has been found that there is a practical upper limit to the hole size that can be
pressed directly into a garnet material, This limit is due to the noncompressibility
of the mandrel used and lamination of the garnet material under pressure. The
lamination is a result of linear pressures being applied to the garnet powder rather
than uniform pressures on all surfaces simultaneously. Therefore, at present it is
necessary to produce the garnet material in bar form for toroids of the size required
for this program. These bars must be cavitroned and sliced into toroids.

An isostatic press is now heing used to press large toroids directly. At present,
however, pressing by this methcd is in its study phase, with useful toroi. 3 for phaser
application several months from reality.
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3.3 HYBRIDS

Studies of the system parameters as described in Section 2 indicate that standard
hybrids capable of pressurization and high peak power operation will be ldoquto for
polarizer use. -

It appears, however, to be an advantage to overall predicted performance to
employ matched hybrids in the polarizer.

Discussions of hybrid characteristics with possible suppliers indicate that matching
of coupling and phase characteristics is feasible.

3.4 DRIVER AND ASSOCIATED ELECTRONIC CIRCUITRY

Sperry has developed a productized driver whose basic design is used on this
project. Figure 38 shows a block diagram of the proven latching type drivers, the
pulse shaping network and isolating stages on each input to isolate the driver from the
pulse generator. This driver is a single wire input and output unit. In this driver, all
parameters ar : being optimized for peak current, minimum rise time and minimum
power. The catput current to the ferrite load is bidirectional and its direction of flow
through the load is dependent upon the polarity of the input pulse.

PULSE LATCHING
'—Ll—’ I SOLATING SHAPING I TCH I—H“I
™ sTAeE CIRCUIT DRIVER 1
i FERRITE
PHASE
SHIFTER

Figure 38. Phase Shift Driver, Block Diagram

The schematic diagram of the phase shift driver is shown in Figure 39. The
input signal consists of a positive and negative input pulse- approximately each 10 volts
in amplitude. The negative gate pulses trigger the upper bank of transistors into
conduction and generate a current pulse through the ferrite's charging wire towards
ground. Similarly, the negative gate pulses trigger the lower bank of transistors; this
results in a current pulse flowing through the toroid charging wire in the reverse
direction. The two current pulses alternately change the ferrite to (+) 4vrMs and (-)
4™ , respectively. In this driver, trimmer resistors have been added to limit and
set t!xe two output pulse currents to the desired level. It was determined that with the
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Proposed Phase Shift Driver, Schematic Diagram
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large amount of ferrite material used, that the input pulse would be shaped to reduce
the back emf developed in the ferrite load. Without the wave shaping network, the back
emf develcped would break down the transistors. The pulse shaping circuit reshaped
the input pulses to turn the output transistor off slowly, allowing the energy in the
ferrite load to be dissipated without generating a large back emf.

This basic driver has proven its reliability and utility by demonstrating switching
in 8, C, and X bands in a highly satisfactory fashion. It has been operated continuously
at a switching rate of 10 KHz with the output transistors heat-sinked.

A recent 4-bit driver which is actually in use on an X band phase shifter is
shown schematically in Figure 40 and the layout of the printed circuit board is shown
in Figure 41.

3.4.1 Logic Circuitry

The logic circuitry is shown in Figure 42. The logic circuitry is basically
subdivided into eight modules, each module to feed signals to a phase shif'. driver.
The logic receives one of five command signals in the form of a positive pulse. The
commands are Horizontal Polarization, Vertical Polarization, Right Hand Circular,
Left Hand Circulator, and Receive. For example, if the receive channel is to be
activated, the Receive line feeds a positive pulse to each of the eight logic modules.

Each module consists of a matrix steering diode unit and a generating unit. The
matrix steering diodes will pass the pulse to the pulse generating circuitry only if the
phase shifter has to change states. If the phase shifter is already in the correct
state, the matrix unit will shunt the command pulse to ground. If the matrix steering
diodes pass the pulse tothe flip-flop, it will change states and will provide a trigger
pulse to the monostable multivibrator through appropriate diodes. The one shot will
generate either a positive or negative pulse to feed the phase shift driver which
changes the state of the ferrite load.

For each module the matrix diode unit will determine if the phase shifter has to
change state in order to complete the command; the pulse generating circuitry will
determine the polarity of the pulse to the phase shift driver.

The modules are a small compact package due to the use of integrated circuits
in both the matrix diode unit and the pulse generating unit,

The logic circuitry will have almost no loading effect on the command signal
drive circuitry, due to the low level input required by the module's input multivibrators.
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SECTION IV

CONCLUSIONS AND RECOMMENDATIONS

4.1 CONCLUSIONS

The conclusions drawn from the data of Sections II and Il of this progress
report can be summarized as follows: '

1. Attainment of the long range peak and average power goals of 10 megawatts
peak and 20 kw average is feasible using present and near future techniques to be
developed or studied as nart of this program.

2. Design to intermediate specifications is not useful in itself. Final specifica-
tions will be used as design goals.

3. The polarizer design of Section 2.2.4 with two separate receiver outputs
is reccmmended. Although relatively complex, it offers complete versatility to the
system and permits the use of the polarizer as a first stage duplexer.

4. Phaser test sections using low 47rMs have been evaluated to the full power
capability available with the needs of this program. Further adjustment of phase shift/
unit length is required.

5. Driver development is under way and present progress indicates availability
as needed for breadboard testing for 90 degree phase shift elements later in this
program,

4.2 RECOMMENDATIONS

It is recommended that the polarizer of Section 2.2.4 be chosen for the final
design. This recommendation is based upon the overall flexibility of this design
coupled with the reduced power handling requirement of any phaser element.

It is also recommended that further testing at high average and peak powers

beyond those presently available be carried out to verify the accuracy of predictions
and to study the problems encountered with long (40 microsecond) pulse operation.
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Two developmental models of phuor elements will be fabricated and ﬂm I R 8
as individual elements as well as in their relationship to overall system ohraotorutio'. o

As a result of this study, Sperry will make 2 series of rooommud.tiou as to
type and design of the polarizer to be manufactured later,




SECTION VI

MEETINGS
. During the interval covered by this semiannual report, L. J. Lavedsn and :
J. Duffy (representing Sperry) visited Mr. P. Romanelli and other persommel at RADC
A to dircuss component and system aspects of this polarizer program.

Sperry's approach to this polarizer program study was thoroughly discussed and
general agreement was reached.

Much of the discussion concerned the system aspects of this program wherein
Sperry was able to more fully determine the system needs, and as a result, the study
discussed in Section II of this report was carried out.

53754




UNCLASSIFIED

Srcurit ficot -l
DOCUMENT CONTROL DATA-RA D
‘Socurity classiticotion of tivie, Sody of ab ¢ ond indoaing st b ontored whon he ovrrall o
lsomm-u vu:ilevwnv q(‘up?ln awiher) { ¢ 30. REPORT SRCUNITY CLABIFIC A VION
perry crowave ectronic Co Unclassified
Clearwater, Florida sRour
« RLPORT TITLE ‘

VARIA3LE POLARIZER

4. OEICRMIP TIVE NOTES (Trpe of ropert and nchueive dotes)
First Semiannual Report
s Auvoad (Finnt name, m! idle initiel, last nome)

Lavedan, L. J., Jr

¢. AEPOAT DATE w 1%7 76, TOT AL NO. OF PaGES 78. NQ. OF REFS
53 -
8. CONTRACY OR GRANTY NO %8 ORIGINATON'S REPORT NUMBERIN
F30602-67-C-0004
s PROIECT NO. SIM=-220-h320-1
4506
~ Task No. 5. OTHER REPORT NO(SI (Any oihor numbere ha! mav b aasigned
450601 e
. RADC-TR-67-177

10. DISTRISUTION STATEMENT

This document is subject to special export controls and each transmittal
to foreign governments, foreign nationals or representatives thereto may
be made only with prior approval of RADC (EMLI) Griffiss AFB NY 13440.

19. SUPPLEMENTARY NOTES 12. SPONBORING MILITARY ACTIVITY

RADC Project Engineer Rome Air Development Center (EMATE
P. A. Romanelli, EMATE Techniques Branch

AC 315 330-4251. Griffiss AFB New York

13 ABS mAC

The objective of this work is the study and experimental verifica-
tion leading to the design of a high power S-band variable polarizer.
This polarizer is to transform the TEl mode to vertical linear, clockwis
circular, counterclockwise circular, Rnd horizontal linear polarizations.
Switching time between degrees of polarization is to be 200 microseconds
or less. The characteristics of the variable polarizer include the
objectives of 1 mw peak, 2 kw average power operating over the band,
3.1 MHz to 3.6 MHz with the study ivcluding the feasibility to increase
power handling to 10 mw peak, 2( kw average.

e

Recent results indicate th. feasibility of attaining the design
goals by the use of nonreciproc waveguide latching phasers as the lc,ti?
elements of the polarizer. Pol .rizer power levels to 920 kw peak and
3600 watts average (depending n polarizer configuration) have been
attained, the present limit bec. . the testing farilities available.

Studies have included var .us polarizer configurations which appear
compatible with system concept and the development in individual phaser
elements necessary to meet pol.urizer requirements.

e ww D ——— e ee—

DD 21473 UNCLASSIFIED

— Securliv Clesalli atlon

= SR~




UNCLASSIFIED
ty ClassiTicat

kY WOROS

LNk A

LiINR @

LINK C

nOLR wY

ROLE LAl

RoOLE wy

Polarizer

Horizontal linear

Vertical linear

Lefté right circular polarize
RF polarizer

Ferrite phase shifter

High power phase shifter

Security Classification






